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1. Introduction 
Inflammatory bowel diseases (IBD) are caused by chronic inflammation of the 
gastrointestinal tract, affecting as many as 1.4 million persons in the United States, and 2.2 
million persons in Europe (Loftus, 2004). Crohn’s disease (CD) and ulcerative colitis (UC), 
the two major forms of IBD, affect different regions of the intestinal tract and have distinct 
cytokine profiles. In CD, transmural inflammation can occur over the entire length of the 
gastrointestinal tract, whereas UC inflammation is restricted to the mucosa of the colon.  The 
T helper (Th) paradigm was established by Mosmann et al (1986) who observed distinct 
cytokine patterns were produced by two types of fully differentiated effector T cells which 
they termed termed Th1 and Th2 cells.  The initial cytokine profiles observed in IBD helped 
to classify CD as a Th1 disease, due to the increased production of the main Th1 effector 
cytokine, interferon-gamma (IFN-┛).  UC was slightly more difficult to classify because 
levels of a central Th2 effector cytokine, IL-4, are not increased; however, other Th2 effector 
cytokines, such as IL-5 and IL-13 are produced at higher levels (Fuss et al, 1996). Therefore, 
UC is not considered fully Th2, but rather a Th2-like disease (Fuss et al, 2004). 
Conventional IBD therapies, including corticosteroids and anti-tumor necrosis factor-alpha 
(TNF-α) therapy, are aimed at reducing nonspecific inflammation.  TNF-α is a central pro-
inflammatory cytokine that contributes to the pathology of many autoimmune disorders. 
Anti-TNF-α was the first biological therapy introduced for patients with IBD in the late 
1990s, and corticosteroid-refractory or fistulizing CD and refractory UC generally respond 
very well to anti-TNF-α treatment (Hoentjen & van Bodegraven, 2009; Rutgeerts et al., 2006). 
The initial identification of disease-specific inflammatory mediators in CD and UC, Th1 and 
Th2-associated cytokines respectively, lead to the development of more specific anti-
inflammatory treatment options, and the efficacies of these new biological agents have in 
turn helped evolve our understanding of IBD pathogenesis. Using mouse models of 
intestinal inflammation that resemble CD, and targeting the main cytokine that drives Th1 
cellular development, IL-12, with an antibody to the IL-12p40 subunit either prevented the 
development of colitis, or completely cured established colitis (Liu et al., 2001; Neurath et al, 
1995). These observations further supported the link between CD and Th1 responses, in 
addition to warranting the development of an anti-IL-12p40 antibody for human patients 
with CD.  In clinical trials, anti-IL-12p40 therapy induced clinical responses and remissions 
in patients with active CD (Mannon et al., 2005; Sandborn et al., 2008), which lead to its 
acceptance as a new therapy for CD. 
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Around the same time as anti-IL-12p40 therapy was being tested, discrepancies within the 
Th1/Th2 paradigm observed over the previous two decades were beginning to be resolved 
(Steinman, 2007). Two models in particular provided the first inconsistencies with the 
Th1/Th2 hypothesis: experimental autoimmune encephalomyelitis (EAE) and collagen-
induced arthritis (CIA).  EAE is a mouse model of human multiple sclerosis, caused by cell-
mediated tissue damage that results in delayed-type hypersensitivity (DTH). DTH reactions 
are cell-mediated immune reactions to a challenge antigen, leading to swelling, induration, 
and redness appearing 24 to 72 hours after antigen exposure. Initially, DTH was believed to 
be mediated by a Th1 response (Cher & Mosmann, 1987). Therefore, it was hypothesized 
that EAE would worsen with the addition of the Th1 effector cytokine, IFN-γ.  Interestingly, 
the results were just the opposite and IFN-γ administration ameliorated EAE damage 
(Billiau et al., 1988; Voorthuis et al., 1990).  Similarly, CIA as a second model of autoimmune 
tissue destruction was also predicted to worsen with the administration of IFN-γ.  Although 
the disease did worsen when IFN-γ was given before the administration of the adjuvant, it 
was ameliorated when IFN-γ was given after the adjuvant (Jacob et al., 1989; Nakajima et al., 
1991).  These puzzling inverse relationships between disease states thought to be controlled 
by Th1 responses and the presence of IFN-γ, eventually lead to the discovery of IL-23 and it’s 
role as a master regulator of a new Th cell subset. IL-23, like IL-12, is a heterodimeric 
cytokine comprised of two subunits: a unique p19 subunit and a p40 subunit that is also 
shared by IL-12 (Oppmann et al., 2000).  After it was discovered that IL-12 and IL-23 share a 
common subunit, divergent functions of these cytokines were unraveled, and the 
autoimmune inflammation in both EAE and CIA was found to result from the actions of IL-
23, and not the Th1 associated cytokine IL-12 (Cua et al., 2003; Murphy et al., 2003).  In the 
same regard, when models of innate and adaptive chronic intestinal inflammation were re-
evaluated, IL-23 was found to play a greater role than IL-12 in the induction of inflammation 
(Hue et al., 2006; Kullberg et al., 2006).  
Around the time that IL-23 was found to be a central mediator of autoimmune 
inflammation, it was also discovered as a master regulator of an emerging Th cell subset, 
Th17 (Aggarwal et al., 2003). This was a significant event, as it shifted the long-standing 
Th1/Th2 paradigm of inflammation to include a novel subset of adaptive Th cells. 
Consequently, all inflammatory conditions involving the adaptive immune response have 
needed re-evaluation.  Th17 cells have high expression of the transcription factors RORα and 
ROR-γt, produce the cytokines IL-17A, IL-17F and IL-22, have high surface expression of the 
IL-23R as well as the chemokine receptor CCR6, and can also secrete the CCR6 ligand, 
CCL20 (O’Connor et al., 2010). Importantly, the CCL20-CCR6 ligand-receptor pair plays an 
important chemoattractant role at mucosal surfaces (Schutyser et al., 2003). In addition to 
Th17 cells, CCR6 is also expressed on T regulatory (Treg) cells that function to maintain 
homeostatic conditions (Lim et al., 2008). By producing CCL20, Th17 cells are able to 
promote the migration of additional Th17 cells as well as Treg cells (Yamazaki et al., 2008), 
and both cell types are enriched at mucosal surfaces. 
Since their characterization, Th17 cells have been shown to play an important protective role 
in infectious immunity where they promote the clearance of extracellular pathogens by 
enhancing neutrophil recruitment and promoting the expression of antimicrobial factors. 
Additionally, Th17 cells have been associated with many autoimmune diseases, such as 
rheumatoid arthritis, dermatitis, psoriasis, asthma, multiple sclerosis, as well as IBD 
(Hemdan et al., 2010).  Studies of human IBD have shown that the Th17 effector cytokines IL-
17A and IL-17F are both increased in the affected mucosa and sera of CD and UC patients 
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(Fujino et al., 2003; Rovedatti et al., 2009).  Furthermore, polymorphisms in the IL-17A and 
IL-17F genes have been linked to UC and animal models indicate that they are 
fundamentally involved in the etiology of IBD (Arisawa et al., 2008).  However, their precise 
roles in pathogenesis are not entirely clear.  This chapter will focus on the cytokines IL-17A 
and IL-17F, and review what is known about their contributions to mucosal barrier function 
in the gastrointestinal tract with special emphasis on IBD. 
2. The intestinal mucosal barrier 
The gastrointestinal tract forms the largest surface in contact with the external environment. 
The intestinal mucosal barrier separates the internal intestinal tissues from an estimated 1014 
organisms (Savage, 1977), and is composed of a physical barrier as well as specialized 
immune cells, primed to react if the physical barrier is breached. 
2.1 Anatomy and function of the physical barrier 
The physical barrier is comprised of an outer mucus layer less than a millimeter thick, and a 
single layer of epithelial cells joined together by tight junctions (Figure 1). The main 
structural component of the outer mucus layer is the heavily O-glycosylated glycoprotein 
MUC2, which is produced by goblet cells and gives mucus its viscous properties.  The outer 
mucus layer was recently discovered to contain within it two distinct layers: an outer loose 
mucus layer with high numbers of commensal bacteria, and a dense inner layer that is 
sterile, containing high concentrations of antimicrobial molecules including nonspecific 
antimicrobial peptides and specific antimicrobial immunoglobulins (IgA) (Johansson et al., 
2008). Commensal bacteria contribute to the function of the mucosal barrier by inducing the 
production of IgA, recruiting intraepithelial lymphocytes, and providing a physical 
blockade to prevent the colonization of pathogens (Umesaki et al., 1999). 
The second component of the physical mucosal barrier is the single layer of epithelial cells 
supporting the outer mucus layer. The majority of epithelial cells are transporting 
enterocytes, but specialized epithelial cell types contribute to mucosal barrier integrity by 
producing the main constituents of the mucus layer, which minimizes microbial contact 
with the epithelium. Additionally, epithelial cells have a dense glycocalyx overlaying 
microvillar projections that prevent microbial attachment (Linden et al., 2008; L. Shen & 
Turner, 2006).  The epithelial barrier needs to be selective to allow the absorption of 
essential nutrients while preventing the entry of potentially noxious compounds.  As 
depicted in Figure 1, tight junctions that connect the epithelial cells allow the cellular 
barrier to respond to changes in the environment by regulating the tight junction protein 
composition, which leads to general or ion-selective changes in paracellular permeability 
(Arrieta et al., 2006). 
In both animal models of IBD and the clinical disease in humans, changes in the physical 
mucosal barrier have been observed.  In patients suffering from UC, MUC2 protein levels 
are significantly decreased during active phases of the disease, resulting in a thinner 
protective mucus layer (Hinoda et al., 1998; Tytgat et al., 1996).  In animal models of chronic 
intestinal inflammatory conditions that cycle between active and quiescent phases, 
paracellular permeability remains increased regardless of the inflammatory state, whereas 
transcellular permeability is only increased during active inflammation (Porras et al., 2006). 
Similar observations have been made in humans, where patients with quiescent CD have 
significantly increased intestinal permeability when compared to controls (Wyatt et al., 
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1993). It is believed that the sustained increase in paracellular permeability, indicative of 
epithelial cell layer dysfunction, contributes to the chronic nature of the disease. 
 
 
Fig. 1. The physical intestinal mucosal barrier. A single layer of epithelial cells linked 
together at the apical junctional complex (AJC) and an overlying mucus layer form the 
physical mucosal barrier.  AJCs are comprised of tight junctions and adherens junctions.  
The protein composition of the tight junction is dynamic, and different claudin-family 
proteins as well as varying levels of occludin and the junctional adhesion molecule (JAM) 
allow for specific alterations of paracellular permeability.  The foundation of the adherens 
junction is formed by contacts between epithelial cadherin (E-cadherin)-catenin complexes, 
which functions to connect neighboring epithelial cells and maintain cell polarity. 
2.2 Immune cells of the mucosal barrier: Surveillance and tolerance 
In addition to the physical boundary, there are immune cells and gut associated lymphoid 
tissues (GALT) situated within and below the epithelium.  In a healthy intestine these cells and 
tissues strike a balance between immunity and tolerance, and maintain barrier function. The 
intestinal tract harbors vast populations of leukocytes. Innate immune cells typically mediate 
the first line of host defense, and in the intestine these include dendritic cells, macrophages, 
natural killer (NK) cells, ɀɁ T cells, NKT cells and polymorphonuclear cells (Meresse & Cerf-
Bensussan, 2009). Innate immunity evolved to recognize molecular signatures within the 
products of microbes that are essential to microbial survival. The innate immune system is 
comprised of pathogen recognition receptors (PRRs), such as toll-like receptors (TLR) and 
nucleotide-binding and oligomerization domain-like receptors (NLR), which recognize 
pathogen-associated molecular patterns (PAMPs). Binding of PAMPs to their cognate PRR 
activates signaling pathways that in turn activate host defense mechanisms. Different cell 
types have distinct immune functions; they express different combinations and levels of PRRs, 
and the downstream targets of PRR signaling are cell specific (Wells et al., 2010). 
Consequently, PAMP-PRR signaling mediates cell specific responses that enable the 
surrounding tissue to adapt to the dynamic intestinal environment.  
Additionally, intestinal tissues are unique in that they harbor large numbers of adaptive 
immune cells expressing effector or memory phenotypes (Mowat, 2003).  These include IgA 
and IgG secreting plasma B cells and canonical ȽȾ T cells located in the lamina propria. 
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Adaptive immune responses are antigen specific and typically facilitate expeditious removal 
of pathogens.  In the gut however, adaptive immune tolerance is crucial for maintaining 
quiescent relationships with the microbial flora and food antigens.  In this regard, the 
intestine is a prime inductive site for large numbers of adaptive Treg cells that home back to 
the intestinal mucosa, where they help to maintain intestinal tolerance (Belkaid & 
Oldenhove, 2008; Coombes et al., 2007).  Thus, innate and adaptive immune cells in the gut 
are primed for action so that they can maintain a tolerant immune environment, while still 
being able to rapidly respond to invading pathogens. 
3. Interleukin-17 
IL-17 is a central pro-inflammatory cytokine at mucosal surfaces, with important functions 
in innate and adaptive immunity, as well as host defense against extracellular pathogens. 
Originally named cytotoxic T-lymphocyte antigen (CTLA)-8, IL-17 was first described in the 
mid 1990s (prior to the identification of Th17 cells) as a cytokine produced by activated CD4+ 
T cells that acts on stromal cells to up regulate inflammatory and hematopoietic processes 
(Fossiez et al., 1996; Rouvier et al., 1993; Yao et al., 1995a).  IL-17 is now best known as the 
signature cytokine secreted from the recently characterized Th17 cells, however numerous 
innate cells can also produce IL-17, including innate-like γδ intraepithelial lymphocytes 
(IEL), natural killer (NK) T cells, lymphoid tissue inducer (LTi)-like cells, Paneth cells, and 
neutrophils, as well as other unidentified cell types (Buonocore et al., 2010; Cua & Tato, 
2010; Doisne et al., 2011; L. Li et al., 2010; Maele et al., 2010; Michel et al., 2007; Shibata et al., 
2007; Takahashi et al., 2006; Takatori et al., 2008).  In the context of the intestinal mucosa, γδ 
IELs are currently the best-characterized innate sources of IL-17.  γδ IELs reside at the 
intestinal mucosal surface between epithelial cells on the basolateral side of tight junctions. 
They play an essential role in the restitution of epithelial cells following mucosal injury 
through the production of growth factors, a distinct ability that does not occur in other 
mucosal T cell populations (Y. Chen et al, 2002).  Additionally, γδ IELs play an essential role 
in controlling bacterial penetration across injured mucosal surfaces, and recruiting 
neutrophils following Escherichia coli infection by acting as the major source of early IL-17 
(Ismail et al., 2009; Shibata et al., 2007). 
Importantly, since the discovery of IL-17 additional IL-17 family members have been 
identified. The IL-17 cytokine family consists of six members in mammals: IL-17A (also 
called IL-17), IL-17B, IL-17C, IL-17D, IL-17E (also called IL-25), and IL-17F (X. Zhang et al., 
2011).  IL-17F shares 50% sequence homology with IL-17A, is also produced by Th17 cells, 
binds the same receptor as IL-17A and in turn shares certain biological activities (Hymowitz 
et al., 2001). IL-17A and IL-17F are either produced as homodimeric cytokines or as 
heterodimers composed of IL-17A/F (Wright et al., 2007). When acting on fibroblasts, 
endothelial cells, or epithelial cells, both IL-17A and IL-17F induce the production of pro-
inflammatory cytokines (notably IL-6 and IL-8), chemokines, antimicrobial peptides, and 
matrix metalloproteinases (Iwakura et al., 2011; Starners et al., 2001). Despite their similar 
pro-inflammatory actions, IL-17A and IL-17F appear to have distinct roles in mediating 
inflammatory processes and autoimmune diseases (discussed later). IL-17B, IL-17C, and IL-
17D are the least well-characterized members of the IL-17 family. IL-17B and IL-17C have 
27% homology with IL-17A, but are not produced by activated T cells and do not induce the 
same pro-inflammatory cytokines as IL-17A and IL-17F (H. Li et al., 2000).  IL-17D, which is 
most similar to IL-17B with 27% sequence identity, is highly expressed in skeletal muscle, 
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brain, adipose, heart, and lung tissue, but poorly expressed in activated T cells.  However, 
similar to IL-17A and IL-17F, IL-17D can induce the expression of IL-6 and IL-8 from 
endothelial cells (Starnes et al. 2002).  Lastly, IL-17E has the most divergent primary 
sequence compared to IL-17A with 16% homology, and plays a role in pro-allergic type 2 
immune responses (Angkasekwinai et al., 2007; Lee et al., 2001; Pan et al., 2001).  
Despite the varying degrees of sequence homology and varying functions, the C-terminal 
region of each IL-17 family member is quite conserved, containing 4 cysteine and 2 serine 
residues. Three IL-17 crystal structures have been resolved thus far: IL-17A with its 
neutralizing antibody, IL-17F, and IL-17F with its receptor IL-17RA. These structures have 
demonstrated the 6 conserved residues adopt a cysteine knot fold, which differs from the 
canonical cysteine knot found in TGF-β and neurotrophin proteins due to the absence of two 
cysteine residues (Ely et al., 2009; Gerhardt et al., 2009; Hymowitz et al, 2001).  
3.1 IL-17 receptor and signaling 
Cytokine receptors are generally classified into six main categories: IL-1 receptors, class I 
cytokine receptors, class II cytokine receptors, TNF receptors, tyrosine kinase receptors and 
chemokine receptors (Wang et al., 2009). The IL-17 receptors do not belong to any of these 
categories based on their unique structure and cytokine interaction (X. Zhang et al., 2011). 
The IL-17 receptor family contains 5 members: IL-17RA (or IL-17R), IL-17RB, IL-17RC, IL-
17RD, and IL-17RE. IL-17B is known to signal through IL-17RB, IL-17C through IL-17RE, 
and IL-17E through IL-17RA/IL-17RB (Iwakura et al., 2011; Wright et al., 2008).  The 
receptor for IL-17D remains unknown. IL-17RA and IL-17RC are normally required for IL-
17A, IL-17F, and IL-17A/F signaling (Iwakura et al., 2011).  However, the IL-17RA is highly 
expressed on mouse T cells, while IL-17RC is undetectable, and only IL-17A but not IL-17F 
can induce signaling (Ishigame et al., 2009).  Thus, it appears in some cell types IL-17RC is 
dispensable for IL-17RA signaling.  This has lead to the hypotheses that IL-17RA forms 
either a homodimeric signaling complex or that other subunits can pair with IL-17RA in 
some cell types that do not express IL-17RC (Gaffen, 2009).  Clarification of the receptor 
complexes for IL-17A and IL-17F is important for understanding how a cell or tissue 
responds to IL-17A versus IL-17F and will undoubtedly reveal crucial aspects of tissue 
specific Th17 responses.   
Signaling through IL-17 receptors triggers pathways that are usually associated with 
innate immune signaling (F. Shen et al., 2005; Park et al., 2005).  Classical Th1 and Th2 
cytokines activate JAK/STAT signaling, however IL-17A and IL-17F mediate signaling 
through nuclear factor (NF)-κB, NF-κB activator 1 (Act1) and tumor necrosis factor (TNF) 
receptor associated factor 6 (TRAF6) (Chang et al., 2006; Schwandner et al., 2000; Yao  
et al., 1995b). This mode of signaling is similar to those used by TLRs and  
the IL-1 receptor family, which function in innate immunity. Furthermore, IL-17A and  
IL-17F generally induce events that are typical of early inflammation (Gaffen, 2009). Upon 
receptor binding, IL-17A and IL-17F induce expression of many pro-inflammatory genes 
including: the cytokines TNF, IL-1, IL-6, granulocye-colony stimulating factor (G-CSF) 
and granulocyte-macrophage (GM)-CSF; the chemokines CXCL1, CXCL5, IL-8, CCL2,  
and CCL7; antimicrobial defensins, and S100 proteins; as well as matrix 
metalloproteinases (MMP)-1, -3, and -13 (Iwakura et al., 2011). In this regard, signaling by 
IL-17A and IL-17F through an IL-17 receptor complex is considered to mediate innate-like 
inflammatory events. 
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3.2 Interleukin-17 and the mucosal barrier 
Although the majority of the defined roles played by IL-17 in mucosal barrier function are 
related to innate and adaptive immune functions, IL-17 has also been found to directly 
regulate components of the physical mucosal barrier.  In colonic epithelial monolayers IL-
17A enhances tight junction formation by increasing claudins 1 and 2 association with the 
membrane (Kinugasa et al., 2000).  Direct application of IL-17A to T84 monolayers increased 
transepithelial resistance and decreased manitol flux through monolayers.  Thus, IL-17A 
may have an important role in maintaining tight junctions and epithelial restitution during 
repair processes.  In airway epithelial cells IL-17A induces mucin gene expression, and it 
may have similar inductive effects in the intestine on goblet cells (Chen et al., 2003).  IL-17A 
also induces expression of Ⱦ-defensins in the colon (Ishigame et al., 2009). Furthermore, in 
subepithelial myofibroblasts, which sit just below the epithelium, IL-17A reduced TNF-Ƚ-
induced secretion of pro-inflammatory cytokines, demonstrating that IL-17 is not implicitly 
a pro-inflammatory cytokine. Additionally, IL-17 receptor-deficient mice show increased 
dissemination of S. typhimurium from the gut (Raffatellu et al., 2008). Taken together, it 
appears IL-17 can dynamically regulate components of the physical intestinal epithelial 
barrier, and the barrier is dysfunctional when IL-17 signaling is impaired. 
4. Adaptive immunity and Th17 cell development 
4.1 Induction of adaptive immunity 
There are numerous locations in the gut where adaptive immune responses are initiated. 
These include organized lymphoid tissue such as Peyer’s patches and isolated lymphoid 
follicles (ILF) that are embedded directly in the epithelial wall, and mesenteric lymph nodes 
(MLN), which are connected to the intestinal mucosa by draining lymphatic vessels (Figure 
2, Mowat, 2003). Furthermore, there is evidence that adaptive responses occur directly in the 
lamina propria via dendritic cell and epithelial cell signaling (He et al., 2007).  
Under homeostatic conditions, intestinal luminal contents are constitutively sampled and 
processed by professional antigen presenting cells (pAPC).  pAPC present processed antigen 
to the naive T cell population, which has an infinite repertoire of antigen-specific receptors.  
Upon presentation of antigen to a T cell bearing a cognate receptor, the pAPC drives an 
antigen specific T cell response.  Depending on the accompanying signals from the pAPC 
and surrounding environment, the T cell may become activated into an effector cell, anergic 
(unresponsive to antigen) or apoptotic.  Classically there are three types of cells that act as 
pAPC: B cells, macrophages and dendritic cells.  Arguably, antigen acquisition by dendritic 
cells is most critical for priming adaptive immune responses, as dendritic cells are the most 
efficient class of pAPC.  
In Peyer's patches and ILF, antigen is transported from the lumen by microfold (M) cells to 
dendritic cells located in the follicle associated epithelium or the underlying subepithelial 
dome.  From there, dendritic cells move into local T cell/follicular areas or drain to the MLN 
to initiate adaptive responses (Artis, 2008; Kelsall, 2008; Mowat, 2003). The other site for 
antigen entry is the non-follicular associated epithelium overlying the lamina propria. 
Under normal conditions antigen is moved across the non-follicular associated epithelium 
by receptor-mediated transport (Kelsall, 2008) and by dendritic cells located in the lamina 
propria, which project dendrites through the tight junctions into the lumen (Figure 2, 
Chieppa et al., 2006; Rescigno et al., 2001). When the epithelium is damaged, as occurs in 
IBD and pathogenic infections, antigens also enter directly.  
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Fig. 2. Schematic of organized gastrointestinal lymphoid tissues. Antigens can be transported 
from the lumen to antigen presenting cells, such as dendritic cells (DC), by the specialized M 
cells of Peyer’s patches where adaptive immune responses can be generated. Additionally, 
DCs are able to directly sample luminal antigens by projecting dendrites through the intestinal 
barrier. DCs can then migrate to local T cell areas, or drain to mesenteric lymph nodes (MLN) 
through lymphatic vessels. Other immune cells in the lamina propria include: mucosal 
macrophages, γδ T cells, αβ T cells and IgA-secreting B cells.  
Dendritic cells are equipped to recognize microbial products with an array of PRR and in 
doing so, undergo a process of maturation in order to become proficient antigen presenters 
for naive T cells. In addition to down-regulating their phagocytic machinery and up-
regulating antigen processing pathways, dendritic cells secrete an array of immuno-
modulatory cytokines. At first, they express a mixed cytokine profile.  However, a dominant 
cytokine profile emerges and this dictates the type of adaptive immunity that develops 
(Wilson et al., 2009). The specific constellation of PRRs that are engaged on a dendritic cell is 
what determines their cytokine profile. 
4.2 Adaptive immune cells 
The defining feature of an adaptive immune system is antigen-specific immunity.  The first 
encounter with antigen leads to clonal expansion of a few antigen-specific lymphocytes, which 
target immune responses towards their cognate antigens.  Some of these cells become long-
lived memory cells and they enable the immune system to remember antigen that has already 
been encountered, so that upon re-exposure a tailored immune response is quickly recalled. 
The cells of the adaptive immune system are T and B-lymphocytes. Each lymphocyte bears a 
surface receptor of a single specificity that binds antigen in a highly specific manner.  T and B 
cell development generates an infinitely diverse repertoire of T and B cell receptors, so that in 
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theory any possible antigen can be recognized.  Classical naive T cells express an αβ T cell 
receptor and a co-receptor, which comes in two flavors: CD4 or CD8. Accordingly, CD4 
expressing T cells are called CD4+ T cells and CD8 expressing T cells are called CD8+ T cells. 
CD4+ T cells are also called T helper cells because following establishment of the adaptive 
phase by innate defenses, CD4+ T cells become the central coordinators of the adaptive 
immune response. The primary effector function of CD4+ T cells is to help and regulate other 
immune cells.  Upon encountering their cognate antigen on mature pAPCs, CD4+ T cells 
proliferate and differentiate into antigen-specific effector cells. 
4.2.1 T Helper cell differentiation 
There are currently four well characterized lineages of Th cells: Th1, Th2, Treg, and Th17 
(Figure 3). Naïve CD4+ T cells differentiate into Th1 cells in the presence of IFNγ and IL-12, 
which enhances the expression of the principal Th1 transcription factors, T-box family of 
transcription factors (T-bet) and the signal transducers and activators of transcription 
protein 4 (STAT4).  Effector cytokines produced by Th1 cells include IFNγ, TNFα and IL-2, 
which help to clear intracellular pathogens. Th2 cells differentiate in the presence of IL-4, 
which activates STAT6 and leads to the expression of the transcription factor GATA binding 
protein 3 (GATA3). Th2-derived cytokines, including IL-4, IL-5 and IL-13, are important in 
mediating asthma and allergic responses (Zhu & Paul, 2010). 
 
 
Fig. 3. T helper cell differentiation. After encountering an antigen-presenting cell (APC) 
within the periphery, naïve T helper (Th0) cells are able to differentiate into one of four Th 
subsets based on the cytokine milieu present. In the presence of interleukin (IL)-12, the 
activation of transcription factors STAT4 and T-bet lead to Th1 development, whereas IL-4 
results in the activation of STAT6 and GATA3, leading to Th2 development. In the presence 
of TGF-β, Th0 cells will differentiate into inducible T regulatory (iTreg) cells following 
transcription of STAT5 and Foxp3, unless IL-6 (in mouse) or IL-21 (in human) is present in 
addition to TGF-β, in which case Th17 cells will develop following ROR-γt transcription. 
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Most Treg cells, termed natural Treg (nTreg) cells, are fully differentiated before leaving the 
thymus, upon TCR stimulation and encountering IL-2 or IL-15.  This results in the activation 
of STAT5 and leads to forkhead box (Fox)p3 expression, the characteristic transcription 
factor of Treg cells (Burchill et al., 2008).  Once these cells leave the thymus, they can home to 
mucosal surfaces, including the GI tract where the presence of TGF-β helps them to 
maintain their regulatory phenotype (Barnes & Powrie, 2009).  TGF-┚ is also able to induce 
the expression of Foxp3 in naïve T cells within the periphery, resulting in inducible Treg 
(iTreg) cells.  Primarily through the production of IL-10, nTreg and iTreg cells share the same 
suppressive phenotype and function to maintain peripheral tolerance and prevent 
autoimmunity (Maloy et al., 2003; Read et al., 2000; Zheng & Rudensky, 2007).  
Th17 cellular differentiation also depends on TGF-β, however with the additional presence 
of IL-6 in mice (Veldhoen et al., 2006), or IL-21 in humans (L. Yang et al., 2008), Foxp3 
expression is inhibited and STAT3 activation leads to expression of the transcriptional 
regulator retinoic acid receptor-related orphan receptor-γt (RORγt), which drives Th17 
differentiation (Ivanov et al., 2006).  Once differentiated, Th17 cells are highly responsive to 
IL-21 and IL-23, cytokines that function to maintain the Th17 phenotype.  The principle 
effector cytokines produced by Th17 cells include IL-17A, IL-17F, IL-21, and IL-22. 
5. Role of IL-17 in enteric infections 
Several murine models of infectious disease highlight the presence and importance of IL-17 
in intestinal inflammation: Helicobacter hepaticus, Salmonella enterica serotype typhimurium, 
and Citrobacter rodentium. In H. hepaticus-induced typhlocolitis, a model of T-cell 
independent innate inflammation, local increases in IL-23 induced the secretion of IL-17 
from non-T cell sources (Hue et al., 2006).  A similar study using the same H. hepaticus model 
of bacteria-driven innate colitis confirmed the IL-23-dependent increases in IL-17, and went 
on to characterize the IL-17-producing cells. This led to the identification of a novel innate 
lymphoid cell population that accumulates in the inflamed colon, and is able to mediate 
acute and chronic innate colitis in response to IL-23 stimulation (Buonocore et al., 2010). 
In the second infectious model with S. typhimurium, initial inflammatory responses are 
important to contain the infection as localized gastroenteritis, and prevent the systemic 
spread of bacteria.  Macrophages and dendritic cells infected with S. typhimurium are a 
major source of IL-23, and five hours post- S. typhimurium infection, IL-17 expression is 
markedly up regulated (Raffetulla et al., 2008, 2009). The increased IL-17 production 
resulted in IL-17-dependent intestinal epithelial induction of antimicrobial peptides 
(Raffatellu et al. 2009).  In IL-23p19-deficient mice, the increased expression of IL-17 during 
S. typhimurim infection was abrogated. Although αβ T cells were found to be the 
predominant cell type expressing the IL-23R, there was a marked increase in γδ T cells 
expressing the IL-23R during S. typimurium infection.  γδ T cell-deficient mice demonstrated 
a blunted expression of IL-17, suggesting that γδ T cells are a significant source, but not the 
only source of IL-17 during an acute bacterial infection (Godinez et al., 2009). 
Lastly, C. rodentium is a non-invasive bacterium that transiently colonizes the large intestine 
of mice. In addition to serving as a model for attaching/effacing bacteria, C. rodentium 
infection can be used a model of IBD, as the infection-associated pathology shares many 
features with IBD (Mundy et al., 2005). The first evidence of IL-17 involvement in C. 
rodentium infection implicated its importance during the peak and late stages of infection, 
demonstrating a role for adaptive Th17 cells in clearing the infection (Symonds et al., 2009; 
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Zheng et al., 2008).  More recent evidence also suggests there is an early Th17-like response 
during C. rodentium infection that is dependent on the activation of the innate immune 
receptors Nod1 and Nod2 (Geddes et al., 2011).  Whether or not this will directly relate to 
the NOD2 coding variants identified as risk factors for IBD (Hugot & Cho, 2002) remains to 
be explored. 
6. Role of IL-17 in IBD pathogenesis  
Since the discovery of IL-23 as a critical regulator of Th17 responses and that there are 
increased numbers of Th17 cells in IBD patients (Kleinschek et al., 2009), the importance of 
Th17 cells and their effector cytokines has been an active area of IBD research. To help 
elucidate the precise role of the Th17 subset, three principle animal models of intestinal 
inflammation resembling CD have been employed: T cell transfer models of colitis, 
trinitobenzene sulfonic acid (TNBS)-induced colitis, and dextran sulfate sodium (DSS)-
induced colitis. With the T cell-transfer model, the initiation of colitis via an adaptive 
immune response is modeled through the transfer of naïve CD4+ T cells (CD45RBhigh) to 
immune-deficient mice that lack T cells and B cells, such as recombination activating gene 
(RAG)-deficient mice, or severe combined immune-deficient (SCID) mice.  The naïve cells 
introduced develop into pro-inflammatory effector T cells in the absence of a mature 
immune cell population (CD45RBlow) containing Treg cells, and spontaneous intestinal 
inflammation develops (Powrie et al., 1994a). TNBS-induced colitis is also dependent on the 
adaptive immune system, where mucosal inflammation following the administration of the 
haptenizing agent TNBS is mediated by Th1 and Th17 responses (Alex et al, 2009). In contrast 
to the latter two models, DSS-induced colitis does not require T cells to initiate 
inflammation. DSS is thought to disrupt the epithelial barrier, resulting in the activation of 
lamina propria cells by the normal microflora.  In the acute DSS model both Th1 and Th17 
cells accumulate; however, if the DSS is given in several cycles to establish chronic 
inflammation, the cytokine profile shifts towards Th2 (Alex et al., 2009).  Therefore, acute 
DSS can be used as a model for CD whereas chronic DSS is more representative of UC. 
6.1 The IL-23/Th17 axis and IBD 
IL-23 has been found to critically mediate intestinal inflammation through both adaptive 
and innate immune pathways. Interestingly, an uncommon coding variant of the IL23R 
gene, which encodes a subunit of the IL-23 receptor, was found to confer strong protection 
against both CD and UC (Duerr et al., 2006). T cell transfer models show that IL-23 is 
required for spontaneous development of colitis by activated CD4+ T cells (Elson et al., 2007; 
Hue et al., 2006).  Similarly, RAG deficient mice that are also IL-23p19 or IL-12p40 deficient 
(do not produce IL-23) do not develop spontaneous intestinal inflammation, whereas RAG 
deficient mice that lack IL-12p35 (do not produce IL-12) still develop colitis (Hue et al., 
2006).  In these experimental systems IL-23 and not IL-12 drives intestinal inflammation. 
Interestingly, though IL-23p19 deficient mice fail to develop intestinal inflammation, they 
still develop a systemic inflammatory response (Hue et al., 2006).  This demonstrates that IL-
23 driven inflammation by CD4+ T cells is localized to the gut.  A transfer model with 
bacteria-reactive CD4+ T cells showed that neutralization of IL-23p19 with a monoclonal 
antibody attenuates intestinal inflammation and that individually, bacteria-reactive Th17 
cells induce more inflammation than bacteria-reactive Th1 cells (Elson et al., 2007).  The latter 
study also highlights that Th1 and Th17 cells have an overlapping ability to promote 
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pathologic responses.  Although IL-12 as a Th1 inducing cytokine is dispensable for 
initiating colitis, Th1 responses should not be considered insignificant in inflammatory 
bowel disease.  Previous studies have shown that neutralization of IFN-γ (signature Th1 
cytokine) prevents intestinal inflammation and severe wasting, and transfer of IFN-γ 
deficient T cells into RAG deficient mice fails to induce colitis (Ito & Fathman, 1997; 
O’Connor et al., 2009; Powrie et al., 1994b). Taken together, these results suggest that 
although IFN-γ still appears to be the main effector cytokine driving the cell-transfer colitis 
model, IL-23 and Th17 responses are essential to support the development of chronic 
inflammation. 
6.2 Contributions of IL-17A and IL-17F to IBD 
There are multiple lines of evidence to suggest that blocking IL-17A and IL-17F would 
prevent intestinal inflammation as both cytokines robustly induce neutrophil recruitment 
and pro-inflammatory cytokines, blocking IL-23 prevents development of pathogenic Th17 
cells and colitis in animal models, and blocking IL-23 signaling is beneficial for treating CD. 
Along these same lines, IL-17R-deficient mice are significantly protected from TNBS-
induced colitis, despite no change in the levels of IL-23 or IL-12 and IFN-γ (Z. Zhang et al., 
2006). Thus, it was unexpected that neutralization of IL-17A exacerbated intestinal 
inflammation in the dextran sodium sulfate (DSS) colitis model (Ogawa et al., 2004). 
Animals treated with an IL-17A monoclonal antibody had enhanced inflammatory cell 
infiltrates into the mucosa and submucosa, more severe mucosal injury and drastically 
increased weight loss. Moreover, addition of IL-17A attenuated the response (Ogawa et al, 
2004). These results were confirmed in IL-17A knockout mice, which also developed more 
severe DSS-induced colitis (X. Yang et al., 2008). Interestingly, this same study showed that 
IL-17F knockout mice, unlike IL-17A knockouts, were protected from DSS-induced colitis. 
Colons of IL-17F deficient mice showed little pathology and extremely low levels of pro-
inflammatory cytokines (Yang et al, 2008).  Using a T cell transfer model, IL-17A secretion 
by Th17 cells was also protective against the development of intestinal inflammation, as IL-
17A deficient T cells transferred into RAG deficient mice caused more severe disease than 
transferred wildtype T cells (O’Connor et al, 2009).  Additionally, IL-17A has been shown to 
directly inhibit Th1 cells and suppress Th1 mediated intestinal inflammation (Awasthi & 
Kuchroo, 2009). Taken together, these data suggest that IL-17A has protective roles in acute 
tissue inflammation and that IL-17F has pathogenic functions.  However, there has also been 
some evidence that IL-17A is not protective. T cells deficient in ROR-γt, and therefore unable 
to differentiate into Th17 effector cells, were unable to induce colitis when transferred to 
RAG-deficient mice, but treatment with IL-17A caused colitis after the transfer of ROR-┛t-
deficient cells (Leppkes et al., 2009). Therefore, additional work on the mechanisms, 
function, and regulation of IL-17A/F in the context of intestinal inflammation is required 
before confident and definitive conclusions can be drawn. 
7. Conclusion 
Knowledge of Th17 cells and their characteristic cytokines IL-17A and IL-17F has rapidly 
progressed. Likewise, significant progress has been made towards understanding their role 
in regulating the gut environment.  However, there are numerous outstanding questions.   
The Th17 subset is unequivocally associated with chronic inflammatory bowel diseases, and 
the current belief is that they are instigated by a loss of tolerance to the intestinal microflora. 
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In addition to Th17 cells, dysregulated Th1 and Foxp3+ iTreg responses are also involved. 
Yet, the precise nature of the relationship between Th17 cells and Th1 as well as Th17 cells and 
Foxp3+ iTregs is unclear. Furthermore, in the gut there appears to be multiple cellular 
sources of IL-17A and IL-17F, in addition to heterogeneous expression of their receptors,  
IL-17RA and IL-17RC. Our understanding of how IL-17A and IL-17F mediate their cell 
specific effects and how this plays out during steady states, infectious disease and chronic 
inflammation in the intestinal tract is currently in progress. Beneficial results have been 
obtained using antibodies to neutralize IL-12p40 in Crohn’s disease and genome wide 
association studies implicate the IL-23-Th17 axis in both Crohn’s disease and ulcerative 
colitis. Together these data suggest therapies specifically targeting Th17 responses might 
provide better treatments.  However, animal models have also shown IL-17A and IL-17F to 
critically mediate host protection and components of normal barrier function.  Thus given 
these roles, targeted interventions of IL-17A and IL-17F will need careful consideration.  
Inflammatory bowel diseases are a complex set of diseases involving pre-disposing genetic 
factors and environmental triggers.  The emerging IL-23-Th17 axis represents one significant 
component of these diseases among several.  Though progress has been made, a substantial 
amount of work remains to identify pathways and mechanisms that connect Th17 cells, IL-
17A and IL-17F to the etiology of inflammatory bowel diseases.  In particular, genome wide 
association studies have established a key role for innate immunity in these diseases.  Most 
well known are NOD2 and autophagy genes ATG16L and IRGM involved in bacterial 
detection and processing.  In this regard, much less is known about IL-23, IL-17A and IL-17F 
in aberrant innate immune responses.  For now we can ascertain that both innate and 
adaptive immunity coordinate an imbalanced relationship between host and microflora that 
leads to chronic intestinal inflammation, and that Th17 cells and the IL-17A/F cytokine 
network participate in both arms of the immune system that has gone awry.  
8. References  
Aggarwal, S., Ghilardi, N., Xie, M., de Sauvage, F. J. & Gurney, A. L. (2003). Interleukin-23 
Promotes a Distinct CD4 T Cell Activation State Characterized by the Production of 
Interleukin-17. Journal of Biological Chemistry. Vol:278, No:3, pp. 1910-1914 
Alex, P., Zachos, N. C., Nguyen, T., Gonzales, L., Chen, T. E., Conklin, L. S., Centola, M. & 
Li, X. (2009). Distinct Cytokine Patterns Identified from Multiplex Profiles of 
Murine DSS and TNBS-Induced Colitis. Inflammatory Bowel Disease. Vol:15, No:3, 
pp. 341-352 
Angkasekwinai, P., Park, H., Wang, Y.H., Wang, Y.H., Chang, S. H., Corry, D. B., Lui, Y.J., 
Zhu, Z. & Dong, C. (2007). Interleukin 25 Promotes the Initiation of Proallergic 
Type 2 Responses. Journal of Experimental Medicine. Vol:204, No:7, pp. 1509-1517 
Arisawa, T., Tahara, T., Shibata, T., Nagasaka, M., Nakamura, M., Kamiya, Y., Fujita, H., 
Nakamura, M., Yoshioka, D., Arima, Y., Okubo, M., Hirata, I. & Nakano, H. (2008). 
The Influence of Polymorphisms of Interleukin-17A and Interleukin-17F Genes on 
the Susceptibility to Ulcerative Colitis. Journal of Clinical Immunology. Vol:28, No:1, 
pp. 44-49 
Arrieta, M. C., Bistritz, L. & Meddings, J. B. (2006) Alterations in Intestinal Permeability. Gut. 
Vol:55, pp. 1512-1520 
www.intechopen.com
 
Inflammatory Bowel Disease – Advances in Pathogenesis and Management 
 
102 
Artis, D. (2008). Epithelial-Cell Recognition of Commensal Bacteria and Maintenance of 
Immune Homeostasis in the Gut. Nature Reviews Immunology. Vol:8, No:6, pp. 411-
420 
Awasthi, A. & Kuchroo, V. K. (2009). IL-17A Directly Inhibits Th1 Cells and Thereby 
Suppresses Development of Intestinal Inflammation. Nature Immunology. Vol:10, 
No:6, pp. 568-570 
Barnes, M. J. & Powrie, F. (2009). Regulatory T Cells Reinforce Intestinal Homeostasis. 
Immunity. Vol:31, pp. 401-411 
Belkaid, Y. & Oldenhove, G. (2008). Tuning Microenvironments: Induction of Regulatory T 
Cells by Dendritic Cells. Immunity. Vol:29, No:3, pp. 362-371 
Billiau, A., Heremans, H., Vandekerckhove, F., Dijkmans, R., Sobis, H., Meulepas, E. & 
Carton, H. (1988). Enhancement of Experimental Allergic Encephalomyelitis in 
Mice by Antibodies Against IFN-γ. Journal of Immunology. Vol:140, No:5, pp. 1506-
1510 
Buonocore, S., Ahern, P. P., Uhlig, H. H., Ivanov, I. I., Littman, D. R., Maloy, K. J. & Powrie, 
F. (2010). Innate Lymphoid Cells Drive Interleukin-23-Dependent Innate Intestinal 
Pathology. Nature. Vol:464, pp. 1371-1375 
Burchill, M. A., Yang, J., Vang, K. B., Moon, J. J., Chu, H. H., Lio, C. J., Vegoe, A. L., Hsieh, 
C., Jenkins, M. K. & Farrar, M. A. (2008). Linked T Cell Receptor and Cytokine 
Signaling Govern the Development of the Regulatory T Cell Repertoire. Immunity. 
Vol:28, pp. 112-121 
Chang, S. H., Park, H. & Dong, C. (2006). Act1 Adaptor Protein Is an Immediate and 
Essential Signaling Component of Interleukin-17 Receptor. Journal of Biological 
Chemistry. Vol:281, No:47, pp. 35603-35607 
Chen, Y., Chou, K., Fuchs, E., Havran, W. L. & Boismenu, R. (2002). Protection of the 
Intestinal Mucosa by Intraepithelial γδ T Cells. PNAS. Vol:99, No:22, pp. 14338-
14343 
Chen, Y., Thai, P., Zhao, Y., Ho, Y., DeSouza, M. M. & Wu, R. (2003). Stimulation of Airway 
Mucin Gene Expression by Interleukin (IL)-17 through IL-6 Paracrine/Autocrine 
Loop. Journal of Biological Chemistry. Vol:278, No:19, pp. 17036-17043 
Cher, D. J. & Mosmann, T. R. (1987). Two Types of Murine Helper T Cell Clone. II. Delayed-
Type Hypersensitivity is Mediated by Th1 Clones. Journal of Immunology. Vol:138, 
No:11, pp. 3688-3694 
Chieppa, M., Rescigno, M., Huang, A. Y. & Germain, R. N. (2006). Dynamic Imaging of 
Dendritic Cell Extension into the Small Bowel Lumen in Response to Epithelial Cell 
TLR Engagement. Journal of Experimental Medicine. Vol:203, No:13, pp. 2841-2852 
Coombes, J. L., Siddigui, K. R., Arancibia-Cárcamo, C. V., Hall, J., Sun, C. M., Belkaid, Y. & 
Powrie, F. (2007). A Functionally Specialized Population of Mucosal CD103+ DCs 
Induces Foxp3+ Regulatory T cells via a TGF-beta and Retinoic Acid-Dependent 
Mechanism. Journal of Experimental Medicine. Vol:204, No:8, pp. 1757-1764 
Cua, D. J., Sherlock, J., Chen, Y., Murphy, C. A., Joyce, B., Seymour, B., Lucian, L., To, W., 
Kwan, S., Churakova, T., Zurawski, S., Wiekowski, M., Lira, S. A., Gorman, D., 
Kastelein, R. A. & Sedgwick, J. D. (2003). Interleukin-23 rather than Interleukin-12 
is the Critical Cytokine for Autoimmune Inflammation of the Brain. Nature. 
Vol:421, pp. 744-748 
www.intechopen.com
 
The Roles of Interleukin-17 and T Helper 17 Cells in Intestinal Barrier Function 
 
103 
Cua, D. J. & Tato, C. M. (2010). Innate IL-17-Producting Cells: The Sentinels of the Immune 
System. Nature Reviews. Vol:10, pp. 479-489 
Doisne, J. M., Soulard, V., Bécourt, C., Amniai, L., Henrot, P., Havenar-Daughton, C., 
Blanchet, C., Zitvogel, L., Ryffel, B., Cavaillon, J. M., Marie, J. C., Couillin, I. & 
Benlagha, K. (2011). Cutting Edge: Crucial Role of IL-1 and IL-23 in the Innate IL-17 
Response of Peripheral Lymph Node NK1.1- Invariant NKT Calls to Bacteria. 
Journal of Immunology. Vol:186, pp. 662-666 
Duerr, R. H., Taylor, K. D., Brant, S. R., Rioux, J. D., Silverberg, M. S., Daly, M. J., Steinhart, 
A. H., Abraham, C., Regueiro, M., Griffiths, A., Dassopoulos, T., Bitton, A., Yang, 
H., Targan, S., Datta, L. W., Kistner, E. O., Schumm, L. P., Lee, A. T., Gregersen, P. 
K., Barmada, M. M., Rotter, J. I., Nicolae, D. L. & Cho, J. H. (2006). A Genome-Wide 
Association Study Identifies IL23R as an Inflammatory Bowel Disease Gene. 
Science. Vol:314, pp. 1461-1463 
Elson, C. O., Cong, Y., Weaver, C. T., Schoeb, T. R., McClanahan, T. K., Fick, R. B. & 
Kastelein, R. A. (2007). Monoclonal Anti-Interleukin 23 Reverses Active Colitis in a 
T Cell-Mediated Model in Mice. Gastroenterology. Vol:132, No:7, pp. 2359-2370 
Ely, L. K., Fischer, S. & Garcia, K. C. (2009). Structural Basis of Receptor Sharing by 
Interleukin 17 Cytokines. Nature Immunology. Vol:10, No:12, pp. 1245-1251 
Fossiez, F., Djossou, O., Pascale, C., Flores-Romo, L., Ait-Yahia, S., Maat, C., Pin, J., Garrone, 
P., Garcia, E., Saeland, S., Blanchard, D., Gillard, C., Mahapatra, B. D., Rouvier, E., 
Golstein, P. & Banchereau, J. (1996). T Cell Interleukin-17 Induces Stromal Cells to 
Produce Proinflammatory and Hematopoietic Cytokines. Journal of Experimental 
Medicine. Vol:183, pp. 2593-2603 
Fujino, S., Andoh, A., Bamba, S., Ogawa, A., Hata, K, Araki, Y., Bamba, T. & Fujiyama, Y. 
(2003). Increased Expression of Interleukin-17 in Inflammatory Bowel Disease. Gut. 
Vol:52, pp. 65-70 
Fuss, I. J., Neurath, M., Boirivant, M., Klein, J. S., de la Motte, C., Strong, S. A., Fiocchi, C. & 
Strober, W. (1996). Disparate CD4+ Lamina Propria (LP) Lymphokine Secretion 
Profiles in Inflammatory Bowel Disease. Crohn’s Disease LP Cells Manifest 
Increased Secretion of IFN-gamma whereas Ulcerative Colitis LP Cells Manifest 
Increased Secretion of IL-5. Journal of Immunology. Vol:157, No:3, pp. 1261-1270 
Fuss, I. J., Heller, F., Boirivant, M., Leon, F., Yoshida, M., Fichtner-Feigl, S., Yang, Z., Exley, 
M., Kitani, A., Blumberg, R. S., Mannon, P. & Strober, W. (2004). Nonclassical 
CD1d-Restricted NK T Cells that Produce IL-13 Characterize an Atypical Th2 
Response in Ulcerative Colitis. Journal of Clinical Investigation. Vol:113, No:10, pp. 
1490-1497 
Gaffen, S. L. (2009). Structure and Signaling in the IL-17 Receptor Superfamily. Nature 
Reviews Immunology. Vol:9, No:8, 556-585 
Geddes, K., Rubino, S. J., Magalhaes, J. G., Streutker, C., Bourhis, L. L., Cho, J. H., Robertson, 
S. J., Kim, C. J., Kaul, R., Philpott, D. J. & Girardin, S. E. (2011). Identification of an 
Innate T Helper Type 17 Response to Intestinal Bacterial Pathogens. Nature 
Medicine. Advanced Online Publication. 
Gerhardt, S., Abbott, W. M., Hargreaves, D., Pauptit, R. A., Davies, R. A., Needham, M. R. 
C., Langham, C., Barker, W., Aziz, A., Snow, M. J., Dawson, S., Welsh, F., 
Wilkinson, T., Vaugan, T., Beste, G., Bishop, S., Popovic, B., Rees, G., Sleeman, M., 
Tuske, S. J., Coales, S. J., Hamuro, Y. & Russell, C. (2009). Structure of IL-17A in 
www.intechopen.com
 
Inflammatory Bowel Disease – Advances in Pathogenesis and Management 
 
104 
Complex with a Potent, Fully Human Neutralizing Antibody. Journal of Molecular 
Biology. Vol:394, pp. 905-921 
Godinez, I., Raffatellu, M., Chu, H., Piaxão, T. A., Haneda, T., Santos, R. L., Bevins, C. L., 
Tsolis, R. M. & Bäumler, A. J. (2009). Interleukin-23 Orchestrates Mucosal 
Responses to Salmonella enterica Serotype Typhimurium in the Intestine. Infection 
and Immunity. Vol:77, No:1, pp. 387-398 
He, B., Xu, W., Santini, P. A., Polydorides, A. D., Chiu, A., Estrella, J., Shan, M., Chadburn, 
A., Vilanacci, V., Plebani, A., Knowles, D. M., Rescigno, M. & Cerutti, A. (2007). 
Intestinal Bacteria Trigger T Cell-Independent Immunoglobulin A(2) Class 
Switching by Inducing Epithelial-Cell Secretion of the Cytokine APRIL. Immunity. 
Vol:26, No:6, pp. 812-826 
Hemdan, N. Y. A., Birkenmeier, G., Wichmann, G. El-Saad, A. M. A., Krieger, T., Conrad, K. 
& Sack, U. (2010). Interleukin-17-Producing T Helper Cells in Autoimmunity. 
Autoimmunity Reviews. Vol:9, pp. 785-792 
Hinoda, Y., Akashi, H., Suwa, T., Itoh, F., Adachi, M., Endo, T., Satoh, M., Xing, P. X. & Imai, 
K. (1998). Immunohistochemical Detection of MUC2 Mucin Core Protein in 
Ulcerative Colitis. Journal of Clinical Laboratory Analysis. Vol:12, pp. 150-153 
Hoentjen, F. & van Bodegraven, A. A. (2009). Safety of Anti-Tumor Necrosis Factor Therapy 
in Inflammatory Bowel Disease. World Journal of Gastroenterology. Vol:15, No:17, pp. 
2067-2073 
Hue, S., Ahern, P., Buonocore, S., Kullberg, M. C., Cua, D. J., McKenzie, B. S., Powrie, F. & 
Maloy, K. J. (2006). Interleukin-23 Drives Innate and T-Cell Mediated Intestinal 
Inflammation. Journal of Experimental Medicine. Vol:203, No:11, pp. 2473-2483 
Hugot, J. P. & Cho, J. H. (2002). Update on Genetics of Inflammatory Bowel Disease. Current 
Opinion in Gastroenterology. Vol:18, No:4, pp. 410-415 
Hymowitz, S. G., Filvaroff, E. H., Yin, J., Lee, J., Cai, L., Risser, P., Maruoka, M., Mao, W., 
Foster, J., Kelley, R. F., Pan, G., Gurney, A. L., de Vos, A. M. & Starovansnik, M. A. 
(2001). IL-17s adopt a cystine knot fold: structure and activity of a novel cytokine, 
IL-17F, and implications for receptor binding. The EMBO Journal. Vol:20, No:19, pp. 
5332-5341 
Ishigame, H., Kakuta, S., Nagai, T., Kadoki, M., Nambu, A., Komiyama, Y., Fujikado, N., 
Tanahashi, Y., Akitsu, A., Kotaki, H., Sudo, K., Nakae, S., Sasakawa, C. & Iwakura, 
Y. (2009). Differential Roles of Interleukin-17A and -17F in Host Defense against 
Mucoepithelial Bacterial Infection and Allergic Responses. Immunity. Vol:30, pp. 
108-119 
Ismail, A. S., Behrendt, C. L. & Hooper, L. V. (2009). Reciprocal Interactions between 
Commensal Bacteria and γδ Intraepithelial Lymphocytes during Mucosal Injury. 
Journal of Immunology. Vol:182, pp. 3047-3054 
Ito, H. & Fathman, C. G. (1997). CD45RBhigh CD4+ T Cells from IFN-gamma Knockout 
Mice Do Not Induce Wasting Disease. Journal of Autoimmunity. Vol:10, No:5, pp. 
455-459 
Ivanov, I. I., McKenzie, B. S., Zhou, L., Tadokoro, C. E., Lepelley, A., Lafaille, J. J., Cua, D. J. 
& Littman, D. R. (2006). The Orphan Nuclear Receptor RORγt Directs the 
Differentiation Program of Proinflammatory IL-17+ T Helper Cells. Cell. Vol:126, 
pp. 1121-1133 
www.intechopen.com
 
The Roles of Interleukin-17 and T Helper 17 Cells in Intestinal Barrier Function 
 
105 
Iwakura, Y., Ishigame, H., Saijo, S. & Nakae, S. (2011). Functional Specialization of 
Interleukin-17 Family Members. Immunity. Vol:34, pp. 149-162 
Jacob, C. O., Holoshitz, J., van der Meide, P., Strober, S. & McDevitt, H. O. (1989). 
Heterogeneous Effects of IFN-γ in Adjuvant Arthritis. Journal of Immunology. 
Vol:142, No:5, pp. 1500-1505 
Johansson, M. E. V., Phillipson, M., Petersson, J., Velcich, A., Holm, L. & Hansson, G. C. 
(2008). The Inner of the Two Muc2 Mucin-Dependent Mucus Layers in Colon is 
Devoid of Bacteria. PNAS. Vol:105, No:39, pp. 15064-15069 
Kelsall, B. (2008). Recent Progress in Understanding the Phenotype and Function of 
Intestinal Dendritic Cells and Macrophages. Mucosal Immunology. Vol:1, No:6, pp. 
460-469 
Kinugasa, T., Sakaguchi, T., Gu, X. & Reinecher, H. C. (2000). Claudins Regulate the 
Intestinal Barrier in Response to Immune Mediators. Gastroenterology. Vol:118, 
No:6, pp. 1001-1011 
Kleinschek, M. A., Boniface, K., Sadekova, S., Grein, J., Murphy, E. E, Turner, S. P., Raskin, 
L., Desai, B., Faubion, W. A., de Waal Malefyt, R., Pierce, R. H., McClanahan, T. & 
Kastelein, R. A. (2009). Circulating and Gut-Resident Human Th17 Cells Express 
CD161 and Promote Intestinal Inflammation. Journal of Experimental Medicine. 
Vol:206, No:3, pp. 525-534 
Kuestner, R. E., Taft, D. W., Haran, A., Brandt, C. S., Brender, T., Lum, K., Harder, B., Okada, 
S., Ostrander, C. D., Kreindler, J. L., Aujla, S. J., Reardon, B., Moore, M. Shea, P., 
Schreckhise, R., Bukowski, T. R., Presnell, S., Guerra-Lewis, P., Parrish-Novak, J., 
Ellsworth, J. L., Jaspers, S., Lewis, K. E., Appleby, M., Kolls, J. K., Rixon, M., West, J. 
W., Gao, Z. & Levin, S. D. (2007). Identification of the IL-17 Receptor Related 
Molecule IL-17RC as the Receptor for IL-17F. Journal of Immunology. Vol:179, pp. 
5462-5473 
Kullberg, M. C., Jankovic, D., Feng, C. G., Hue, S., Gorelick, P. L., McKenzie, B. S., Cua, D. J., 
Powrie, F., Cheever, A. W., Maloy, K. J. & Sher, A. (2006). IL-23 Plays a Key Role in 
Helicobacter hepaticus-Induced T Cell-Dependent Colitis. Journal of Experimental 
Medicine. Vol:203, No:11, pp. 2485-2494 
Lee, J., Ho, W., Maruoka, M., Corpuz, R. T., Baldwin, D. T., Foster, J. S., Goddard, A. D., 
Yansurat, D. G., Vandlen, R. L., Wood, W. I. & Gurney, A. L. (2001). IL-17E, a Novel 
Proinflammatory Ligand for the IL-17 Receptor Homolog IL-17Rh1. Journal of 
Biological Chemistry. Vol:276, No:2, pp. 1660-1662 
Leppkes, M., Becker, C., Ivanoc, I. I., Hirth, S., Wirtz, S., Neufert, C., Pouly, S., Murphy, A. J., 
Valenzuela, D. M., Yancopoulos, G. D., Becher, B., Littman, D. R. & Nurath, M. F. 
(2009). RORgamma-expressing Th17 Cells Induce Murine Chronic Intestinal 
Inflammation via Redudant Effects of IL-17A and IL-17F. Gastroenterology. Vol:136, 
No:1, pp. 257-267 
Li, H., Chen, J., Huang, A., Stinson, J., Heldens, S., Foster, S., Dowd, P., Gurney, A. L. & 
Wood, W. I. (2000). Cloning and characterization of IL-17B and IL-17C, two new 
members of the IL-17 cytokine family. PNAS. Vol:97, No:2, pp. 773-778 
Li, L., Huang, L., Vergis, A. L., Ye, H., Bajwa, A., Narayan, V., Strieter, R. M., Rosin, D. L. & 
Okusa, M. D. (2010). IL-17 Produced by Neutrophils Regulates IFN-γ-Mediated 
Neutrophil Migration in Mouse Kidney Ischemia-Reperfusion Injury. Journal of 
Clinical Investigation. Vol:120, No:1, pp. 331-342 
www.intechopen.com
 
Inflammatory Bowel Disease – Advances in Pathogenesis and Management 
 
106 
Lim, H. W., Lee, J., Hillsamer, P. & Kim, C. H. (2008). Human Th17 Cells Share Major 
Trafficking Receptors with Both Polarized Effector T cells and FOXP3+ Regulatory 
T Cells. Journal of Immunology. Vol:180, No:1, pp. 122-129 
Linden, S. K., Sutton, P., Karisson, N. G., Korolik, V. & McGuckin, M. A. (2008). Mucins in 
the Mucosal Barrier to Infection. Mucosal Immunology. Vol:1, No:3, pp. 183-197 
Liu, Z., Geboes, K., Heremans, H., Overbergh, L., Mathieu, C., Rutgeerts, P. & Ceuppens, J. 
L. (2001). Role of Interleukin-12 in the Induction of Mucosal Inflammation and 
Abrogation of Regulatory T Cell Function in Chronic Experimental Colitis. 
European Journal of Immunology. Vol:31, No:5, pp. 1550-1560 
Loftus, E. V. Jr. (2004). Clinical Epidemiology of Inflammatory Bowel Disease: Incidence, 
Prevalence, and Environmental Influences. Gasterenterology. Vol:126, pp. 1504-1517 
Maele, L. V., Carnoy, C., Cayet, D., Songhet, P., Dumoutier, L., Ferrero, I., Janot, L., Erard, F., 
Bertout, J., Leger, H., Sebbane, F., Beneche, A., Renauld, J., Hardt, W., Ryffel, B. & 
Sirad, J. (2010). TLR5 Signaling Stimulates the Innate Production of IL-17 and IL-22 
by CD3negCD127+ Immune Cells in Spleen and Mucosa. Journal of Immunology. 
Vol:185, pp. 1177-1185 
Maloy, K. J., Salaum, L., Cahill, R., Dougan, G., Saunders, N. J. & Powrie, F. (2003). 
CD4+CD25+ Tr Cells Suppress Innate Immune Pathology Through Cytokine-
dependent Mechanisms. Journal of Experimental Medicine. Vol:197, No:1, pp. 111-119 
Mannon, P. J., Fuss, I. J., Mayer, L., Elson, C. O., Sandborn, W. J., Present, D., Dolin, B., 
Goodman, N., Groden, C., Homung, R. L., Quezado, M., Yang, Z., Neurath, M. F., 
Salfeld, J., Veldman, G. M., Schwertschlag, U. & Strober, W. (2004). Anti-
Interleukin-12 Antibody for Active Crohn’s Disease. New England Journal of 
Medicine. Vol:351, No:20, pp. 2069-2079 
Meresse, B. & Cerf-Bensussan, N. (2009). Innate T Cell Responses in Human Gut. Seminal 
Immunology. Vol:21, No:3, pp. 121-129 
Michel, M., Keller, A. C., Paget, C., Fujio, M., Trottein, F., Savage, P. B., Wong, C., Schneider, 
E., Dy, M. & Leite-de-Moraes, M. C. (2007). Identification of an IL-17-Producing 
NK1.1neg iNKT Cell Population Involved in Airway Neutrophilia. Journal of 
Experimental Medicine. Vol:205, No:5, pp. 995-1001 
Mosmann, T. R., Cherwinski, H., Bond, M. W., Giedlin, M. A. & Coffman, R. L. (1986). Two 
Types of Murine Helper T Cell Clone. I. Definition According to Profiles of 
Lymphokine Activities and Secreted Proteins. Journal of Immunology. Vol:136, No:7, 
pp. 2348-2357 
Mowat, A. M. (2003). Anatomical Basis of Tolerance and Immunity to Intestinal Antigens. 
Nature Reviews Immunology. Vol:3, No:4, pp. 331-341 
Mundy, R., MacDonald, T. T., Dougan, G., Frankel, G. & Wiles, S. (2005). Citrobacter 
rodentium of Mice and Man. Cellular Microbiology. Vol:7, No:12, pp. 1697-1706 
Murphy, C. A., Langrish, C. L., Chen, Y., Blumenschein, W., McClanahan, T., Kastelein, R. 
A., Sedgwick, J. D. & Cua, D. J. (2003). Divergent Pro- and Antiinflammatory Roles 
for IL-23 and IL-12 in Joint Autoimmune Inflammation. Journal of Experimental 
Medicine. Vol:198, No:12, pp. 1951-1957 
Nakajima, H., Takamori, H., Hiyama, Y. & Tsukada, W. (1991). The Effects of Treatment 
with Recombinant Gamma-Interferon on Adjuvant-Induced Arthritis in Rats. 
Agents and Actions. Vol:34, No:1-2, pp. 63-65 
www.intechopen.com
 
The Roles of Interleukin-17 and T Helper 17 Cells in Intestinal Barrier Function 
 
107 
Neurath, M. F., Fuss, I., Kelsall, B. L., Stuber, E. & Strober, W. (1995). Antibodies to 
Interleukin 12 Abrogate Established Experimental Colitis in Mice. Journal of 
Experimental Medicine. Vol:182, No:5, pp. 1281-1290 
O’Connor, W. Jr., Kamanaka, M., Booth, C. J., Town, T., Nakae, S., Iwakura, Y., Kolls, J. K. & 
Flavell, R. A. (2009). A Protective Function for Interleukin 17A in T Cell-Mediated 
Intestinal Inflammation. Nature Immunology. Vol:10, No:6, pp. 603-609 
O’Connor, W. Jr., Zenewicz, L. A. & Flavell, R. A. (2010). The Dual Nature of Th17 Cells: 
Shifting the Focus to Function. Nature Immunology. Vol:11, No:6, pp. 471-476 
Ogawa, A., Angoh, A., Araki, Y., Bamba, T. & Fujiyama, Y. (2004). Neutralization of 
Interleukin-17 Aggravates Dextran Sulfate Sodium-Induced Colitis in Mice. Clinical 
Immunology. Vol:110, No:1, pp. 55-62 
Oppmann, B., Lesley, R., Blom, B., Timans, J. C., Xu, Y., Hunte, B., Vega, F., Yu, N., Wang, J., 
Singh, K., Zonin, F., Vaisberg, E., Churakova, T., Liu, M., Gorman, D., Wagner, J., 
Zurawski, S., Liu, Y., Abrams, J. S., Moore, K. W., Rennick, D., de Waal-Malefyt, R., 
Hannum, C., Bazan, J. F. & Kastelein, R. A. (2000). Novel p19 Protein Engages IL-
12p40 to Form a Cytokine, IL-23, with Biological Activities Similar as well as 
Distinct from IL-12. Immunity. Vol:13, No:5, pp. 715-725 
Pan, G., French, D., Mao, W., Maruoka, M., Risser, P., Lee, J., Foster, J., Aggarwal, S., 
Nicholes, K., Guillet, S., Schow, P. & Gurney, A. L. (2001). Forced Expression of 
Murine IL-17E Induces Growth Retardation, Jaundice, a Th2-Biased Response, and 
Multiorgan Inflammation in Mice. Journal of Immunology. Vol:167, pp. 6559-6567 
Park, H., Li, Z., Yang, X. O., Chang, S. H., Nurieva, R., Wang, Y. H., Wang, Y., Hood, L., 
Zhu, Z., Tian, Q. & Dong, C. (2005). Nature Immunology. Vol:6, No:11, pp. 1133-1141 
Porras, M., Martin, M. T., Yang, P., Jury, J., Perdue, M. H. & Vergara, P. (2006). Correlation 
Between Cyclical Epithelial Barrier Dysfunction and Bacterial Translocation in the 
Relapses of Intestinal Inflammation. Inflammatory Bowel Disease. Vol:12, No:9, pp. 
843-852 
Powrie, F., Correa-Oliveira, R., Mauze, S. & Coffman, R. L. (1994a). Regulatory Interactions 
Between CD45RBhigh and CD45RBlow CD4+ T Cells are Important for the Balance 
Between Protective and Pathogenic Cell-Mediated Immunity. Journal of 
Experimental Medicine. Vol:179, No:2, pp. 589-600 
Powrie, F., Leach, M. W., Mauze, S., Menon, S., Caddie, L. B. & Coffman, R. L. (1994b). 
Inhibition of Th1 Responses Prevents Inflammatory Dowel Disease in SCID Micce 
Reconstituted with CD45RBhi CD4+ T cells. Immunity. Vol:1, No:7, pp. 553-562 
Raffatellu, M., Santos, R. L., Verhoeven, D. E., George, M. D., Wilson, R. P., Winter, S. E., 
Godinez, I., Sankaran, S., Paixao, T. A., Gordon, M. A., Kolls, J. K., Dandekar, S. & 
Bäumler, A. J. (2008). Simian Immunodeficiency Virus-Induced Mucosal 
Interleukin-17 Deficiency Promotes Salmonella Dissemination from the Gut. Nature 
Medicine. Vol:14, No:4, pp. 421-430 
Raffatellu, M. George, M. D., Akiyama, Y., Hornsby, M. J., Nuccio, S., Paixao, T. A., Butler, 
B. P., Chu, H., Santos, R. L., Berger, T., Mak, T. W., Tsolis, R. M., Bevins, C. L., 
Solnick, J. V., Dandekar, S. & Bäumler, A. J. (2009). Lipocalin-2 Resistance Confers 
an Advantage to Salmonella enterica Serotype Typhimurium for Growth and 
Survival in the Inflamed Intestine. Cell Host & Microbe. Vol:5, pp. 476-486 
Read, S., Malmström, V. & Powrie, F. (2000). Cytotoxic T Lymphocyte-associated Antigen 4 
Plays an Essential Role in the Function of CD25+CD4+ Regulatory Cells that 
www.intechopen.com
 
Inflammatory Bowel Disease – Advances in Pathogenesis and Management 
 
108 
Control Intestinal Inflammation. Journal of Experimental Medicine. Vol:192, No:2, pp. 
295-302 
Rescigno, M., Wrbano, M., Valzasina, B., Francolini, M., Rotta, G., Bonasio, R., Granucci, F., 
Kraehenbuhl, J. P. & Ricciardi-Castagnoli, P. (2001). Dendritic Cells Express Tight 
Junction Proteins and Penetrate Gut Epithelial Monolayers to Sample Bacteria. 
Nature Immunology. Vol:2, No:4, pp. 361-367 
Rouvier, E., Luciani, M., Mattei, M., Denizot, F. & Golstein, P. (1993). CTLA-8, Cloned from 
an Activated T Cell, Bearing AU-Rich Messenger RNA Instability Sequences, and 
Homologous to a Herpesvires Saimiri Gene. Journal of Immunology. Vol:150, No:12, 
pp. 5445-5456 
Rutgeerts, P., Van Assche, G. & Vermeire, S. (2006). Review Article: Infliximab Therapy for 
Inflammatory Bowel Disease—Seven Years On. Aliment Pharmacology Therapy. 
Vol:23, No:4, pp. 451-463 
Rovedatti, L., Kudo, T., Biancherri, P., Sarra, M., Knowles, C. H., Rampton, D. S., Corazza, G. 
R., Monteleone, G., Di Sabatino, A. & MacDonald, T. T. (2009). Differential 
Regulation of Interleukin 17 and Interferon γ Production in Inflammatory Bowel 
Disease. Gut. Vol:58, pp. 1629-1636 
Sakaguchi, S., Sakaguchi, N., Asano, M., Itoh, M. & Toda, M. (1995). Immunologic Self-
Tolerance Maintained by Activated T Cells Expressing IL-2 Receptor α-Chains 
(CD25). Journal of Immunology. Vol:155, pp. 1151-1164 
Sakaguchi, S. (2000). Regulatory T cells: Key Controllers of Immunologic Self-Tolerance. Cell. 
Vol:101, pp. 455-458 
Sandborn, W. J., Feagan, B. G., Fedorak, R. N., Scherl, E., Fleisher M. R., Katz, S., Johanns, J., 
Blank, M. & Rutgeerts, P. (2008). A Randomized Trial of Ustekinumab, a Human 
Interleukin-12/23 Monoclonal Antibody, in Patients with Moderate-to-Severe 
Crohn’s Disease. Gastroenterology. Vol:135, No:4, pp. 1130-1141 
Savage, D. C. (1977). Microbial Ecology of the Gastrointestinal Tract. Annual Reviews in 
Microbiology. Vol:31, pp. 107-133 
Schutyser, E., Struyf, S. & van Damme, Jo. (2003). The CC Chemokine CCL20 and it’s 
Receptor CCR6. Cytokine and Growth Factor Reviews. Vol:14, pp. 409-426 
Schwandner, R., Yamaguchi, K. & Cao, Z. (2000). Requirement of Tumor Necrosis Factor 
Receptor-associated Factor (TRAF)6 in Interleukin 17 Signal Transduction. Journal 
of Experimental Medicine. Vol:191, No:7, pp. 1233-1239 
Shen, F., Ruddy, M. J., Plamondon, P. & Gaffen, S. L. (2005). Cytokines Link Osteoblasts and 
Inflammation: Microarray Analysis of Interleukin-17 and TNF-alpha-Induced 
Genes in Bone Cells. Journal of Leukocyte Biology. Vol:77, No:3, pp. 388-399 
Shen, L. & Turner, J. R. (2006). Role of Epithelial Cells in Initiation and Propagation of 
Intestinal Inflammation. Eliminating the Static: Tight Junction Dynamics Exposed. 
America Journal of Physiology Gastrointestinal Liver Physiology. Vol:290, No:4, pp. 
G577-582 
Shibata, K., Yamada, H., Hara, H., Kishihara, K. & Yoshikai, Y. (2007). Resident Vδ1+ γδ T 
Cells Control Early Infiltration of Neutrophils after Escherichia coli Infection via IL-
17 Production. Journal of Immunology. Vol:178, pp. 4466-4472 
Starnes, T., Robertson, M. J., Sledge, G., Kelich, S., Nakshatri, H., Broxmeyer, H. E. & 
Hromas, R. (2001). Cutting Edge: IL-17F, a Novel Cytokine Selectively Expressed in 
www.intechopen.com
 
The Roles of Interleukin-17 and T Helper 17 Cells in Intestinal Barrier Function 
 
109 
Activated T Cells and Monocytes, Regulates Angiogenesis and Endothelial Cell 
Cytokine Production. Journal of Immunology. Vol:167, pp. 4137-4140 
Starnes, T., Broxmeyer, H. E., Robertson, M. J. & Hromas, R. (2002). Cutting Edge: IL-17D, a 
Novel Member of the IL-17 Family, Stimulates Cytokine Production and Inhibits 
Hemopoiesis. Journal of Immunology. Vol:169, pp. 642-646 
Steinman, L. (2007). A brief history of Th17, the first major revision in the Th1/Th2 
hypothesis if T cell-mediated tissue damage. Nature Medicine. Vol:13, No:2, pp. 139-
145 
Symonds, E. L., Riedel, C. U., O’Mahony, D., Lapthorne, S., O’Mahony, L. & Shanahan, F. 
(2009). Involvement of T Helper Type 17 and Regulatory T Cell Activity in 
Citrobacter rodentium Invasion and Inflammatory Damage. Clinical & Experimental 
Immunology. Vol:157, pp. 148-154 
Takahashi, M., Vanlaere, I., de Rycke, R., Cauwels, A., Joosten, L. A. B., Lubberts, E., van 
den Berg, W. B. & Libert, C. (2006). IL-17 Produced by Paneth Cells Drives TNF-
Induced Shock. Journal of Experimental Medicine. Vol:205, No:8, pp. 1755-1761 
Takatori, H., Kanno, Y., Watford, W. T., Tato, C. M., Weiss, G., Ivanov, I. I., Littman, D. R. & 
O’Shea, J. J. (2008). Lymphoid tissue inducer-like cells are an innate source of IL-17 
and IL-22. Journal of Experimental Medicine. Vol:206, No:1, pp. 35-41 
Tytgat, K. M. A. J., van der Wal, J. G., Einerhand, A. W. C., Büller, H. A. & Dekker, J. (1996). 
Quantitative Analysis of MUC2 Synthesis in Ulcerative Colitis. Biochemical and 
Biophysical Research Communications. Vol:224, pp. 397-405 
Uhlig, H. H., McKenzie, B. S., Hue, S., Thompson, C., Joyce-Shaikh, B., Stepankova, R., 
Robinson, N., Buonocore, S., Tiaskalova-Hogenova, H., Cua, D. J. & Powrie, F. 
(2006). Differential Activity of IL-12 and IL-23 in Mucosal and Systemic Innate 
Immune Pathology. Immunity. Vol:25, pp. 309-318 
Umesaki, Y., Setoyama, H., Matsumoto, S., Imaoka, A. & Itoh, K. (1999). Differential Roles of 
Segmented Filamentous Bacteria and Clostridia in Development of the Intestinal 
Immune System. Infection and Immunity. Vol:67, pp. 3504-3511 
Van de Keere, F. & Tonegawa, S. (1998). CD4+ T Cells Prevent Spontaneous Experimental 
Autoimmune Encephalomyelitis in Anti-Myelin Basic Protein T Cell Receptor 
Transgenic Mice. Journal of Experimental Medicine. Vol:188, No:10, pp. 1875-1882 
Veldhoen, M., Hocking, R. J., Atkins, C. J., Locksley, R. M. & Stockinger, B. (2006). TGFbeta 
in the Context of an Inflammatory Cytokine Milieu Supports de novo 
Differentiation of IL-17-Producing T Cells. Immunity. Vol:24, No:2, pp. 179-189 
Voorthuis, J. A. C., Uitdehaag, B. M. J., de Groot, C. J. A., Goede, P. H., van der Meide, P. H. 
&Dijkstra, C. D. (1990). Suppression of Experimental Allergic Encephalomyelitis by 
Intraventricular Administration of Interferon-Gamma in Lewis Rats. Clinical and 
Experimental Immunology. Vol:81, pp. 183-188 
Wang, X., Lupardus, P., LaPorte, S. L. & Garcia, K. C. (2009). Structural Biology of Shared 
Cytokine Receptors. Annual Review of Immunology. Vol:27, pp. 29-60 
Wells, J. M., Loonen, L. M. P. & Karczewski, J. M. (2010). The Role of Innate Signaling in the 
Homeostasis of Tolerance and Immunity in the Intestine. International Journal of 
Medical Microbiology. Vol:300, pp. 41-48 
Wilson, C. B., Rowell, E. & Sekimata, M. (2009). Epigenetic Control of T-Helper-Cell 
Differentiation. Nature Reviews Immunology. Vol:9, No:2, 91-105 
www.intechopen.com
 
Inflammatory Bowel Disease – Advances in Pathogenesis and Management 
 
110 
Wright, J. F., Guo, Y., Quazi, A., Luxenberg, D. P., Bennett, F., Ross, J. F., Qui, Y., Whitters, 
M. J., Tomkinson, K. N., Dunussi-Joannopoulos, K., Carreno, B. M., Collins, M. & 
Wolfman, N. M. (2007). Identification of an Interleukin 17F/17A Heretodimer in 
Activated Human CD4+ T Cells. Journal of Biological Chemistry. Vol:282, No:18, pp. 
13447-13455 
Wright, J. F., Bennett, F., Li, B., Brooks, J., Luxenberg, D. P., Whitters, M. J., Tomkinson, K. 
N., Fitz, L. J., Worlfman, N. M., Collins, M., Dunussi-Joannopoulos, K., Chatterjee-
Kishore, M. & Carreno, B. M. (2008). The Human IL-17F/IL-17A Heterodimeric 
Cytokine Signals through the IL-17RA/IL-17RC Receptor Complex. Journal of 
Immunology. Vol:181, pp. 2799-2805 
Wyatt, J., Vogelsang, H., Hübl, W., Waldhöer, T. & Lochs, H. (1993). Intestinal Permeability 
and the Prediction of Relapse in Crohn’s Disease. Lancet. Vol:341, No:8858, pp. 
1437-1439 
Yamazaki, T., Yang, X. O., Chung, Y., Fukunaga, A., Nurieva, R., Pappu, B., Martin-Orozco, 
N., Kang, H. S., Ma, L., Panopoulos, A. D., Craig, S., Watowich, S. S., Jetten, A. M., 
Tian, Q. & Dong, C. (2008). CCR6 Regulates the Migration of Inflammatory and 
Regulatory T Cells. Journal of Immunology. Vol:181, pp. 8391-8401 
Yang, L., Anderson, D. E., Baecher-Allan, C., Hastings, W. D., Bettelli, E., Oukka, M., 
Kuchroo, V. K. & Hafler, D. A. (2008). IL-12 and TGF-beta and Required for 
Differentiation of Human T(H)17 Cells. Nature. Vol:424, No:7202, pp. 350-352 
Yang, X. O., Chang, S. H., Park, H., Nurieva, R., Shah, B., Acero, L., Wang, Y. H., Schluns, K. 
S., Boarddus, R. R., Zhu, Z. & Dong, C. (2008). Regulation of Inflammatory 
Responses by IL-17F. Journal of Experimental Medicine. Vol:205, No:5, pp. 1063-1075 
Yao, Z., Painter, S. L., Fanslow, W. C., Ulrich, D., Macduff, B. M., Spriggs, M. K. & Armitage, 
R. J. (1995a). Human IL-17: A Novel Cytokine Derived from T Cells. Journal of 
Immunology. Vol.155, pp. 5483-5486 
Yao, Z., Fanslow, W. C., Seldin, M. F., Rousseau, A. M., Painter, S. L., Comeau, M. R., Cohen, 
J. I. & Spriggs, M. K. (1995b). Herpesvirus Saimiri Encodes a New Cytokine, IL-17, 
which Binds to a Novel Cytokine Receptor. Immunity. Vol:3, No:6, pp. 811-821 
Zhang, X., Angkasekwinai, P., Dong, C. & Tang, H. (2011). Structure and Function of 
Interleukin-17 Family Cytokines. Protein and Cell. Vol:2, No:1, pp. 26-40 
Zhang, Z., Zheng, M., Bindas, J., Schwarzenberger, P. & Kolls, J. K. (2006). Critical Role of IL-
17 Receptor Signaling in Acute TNBS-Induced Colitis. Inflammatory Bowel Disease. 
Vol:12, No:5, pp. 382-388 
Zheng, Y. & Rudensky, A. Y. (2007). Foxp3 in Control of the Regulatory T Cell Lineage. 
Nature Immunology. Vol:8, No:5, pp. 457-462 
Zheng, Y., Valdez, P. A., Danilenko, D. M., Hu, Y., Sa, S. M., Gong, Q., Abbas, A. R., 
Modrusan, Z., Ghilardi, N., de Sauvage, F. J. & Ouyang, W. (2008). Interleukin-22 
Mediates Early Host Defense Against Attaching and Effacing Bacterial Pathogens. 
Nature Medicine. Vol:14, No:3, pp. 282-290 
Zhu, J. & Paul, W. E. (2010). Peripheral CD4+ T-Cell Differentiation Regulated by Networks 
of Cytokines and Transcription Factors. Immunological Reviews. Vol:238, pp. 247-262 
www.intechopen.com
Inflammatory Bowel Disease - Advances in Pathogenesis and
Management
Edited by Dr. Sami Karoui
ISBN 978-953-307-891-5
Hard cover, 332 pages
Publisher InTech
Published online 27, January, 2012
Published in print edition January, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
This book is dedicated to inflammatory bowel disease, and the authors discuss the advances in the
pathogenesis of inflammatory bowel disease, as well as several new parameters involved in the etiopathogeny
of Crohn's disease and ulcerative colitis, such as intestinal barrier dysfunction and the roles of TH 17 cells and
IL 17 in the immune response in inflammatory bowel disease. The book also focuses on several relevant
clinical points, such as pregnancy during inflammatory bowel disease and the health-related quality of life as
an end point of the different treatments of the diseases. Finally, advances in management of patients with
inflammatory bowel disease are discussed, especially in a complete review of the recent literature.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Elizabeth Trusevych, Leanne Mortimer and Kris Chadee (2012). The Roles of Interleukin-17 and T Helper 17
Cells in Intestinal Barrier Function, Inflammatory Bowel Disease - Advances in Pathogenesis and
Management, Dr. Sami Karoui (Ed.), ISBN: 978-953-307-891-5, InTech, Available from:
http://www.intechopen.com/books/inflammatory-bowel-disease-advances-in-pathogenesis-and-
management/the-roles-of-th17-cells-and-il-17-in-intestinal-barrier-function
© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
